We have also studied the effect of anoxia on FAD2 activity using peeled developing sunflower seeds blown with nitrogen and incubated at different temperatures. T h e level of FAD2 activity decreased for all temperatures (Table 1) . However, this decrease was faster as temperature increased. This inactivation process due to the absence of oxygen was independent of temperature and indicates, for the first time in a plant FAD2, that oxygen is not only a necessary co-substrate for the enzyme but also plays a role in the regulation of FAD2 activity, as has been previously reported for other organisms [4] . 
Introduction
T h e physical and biochemical properties of glycerolipids depend on the degree of unsaturation of the fatty acids [l] . In membranes, the level of unsaturation is modulated by a specific enzyme system, fatty acid desaturases. In cyanobacterial strains acyl-lipid desaturases are the most etfcient regulators of the extent of lipid unsaturation in response to changes in ambient temperature [2] .
T h e photosynthetic apparatus of photosynthetic organisms is embedded in thylakoid membrane and surrounded by a lipid matrix. T h e main constituents of the lipid matrix are glycerolipids, which provide the necessary structural background for the functioning of protein complexes [ 3 ] . In cellular physiology, the unsaturation of membrane glycerolipids plays a key role in the tolerance of living organisms to low-temperature stress [4, 5] . In our earlier studies we demonstrated the importance of polyunsaturated glycerolipids in the tolerance of photosynthetic organisms to low-temperature photo-inhibition by using transgenic cyanobacterial strains [6] .
Cylindrospermopsis raciborskii is a filamentous, toxic blue-green alga inhabiting subtropical/tropical water bodies, and has an optimal growth temperature above 25 "C. It appeared in Environmental Effects on Lipids: Atmosphere and Temperature the temperate water of Lake Balaton (Hungary) a few years ago, where it became the most dominant strain in the seasonal algal bloom.
Materials and methods
Culture conditions C. raciborskii was cultivated in modified BG-11 medium [7] containing 10'" of the original microelements.
Analysis of fatty acid and chlorophyll
Lipids were extracted from the cells by the method of Bligh and Dyer [S]. T h e fatty acid composition was analysed as described by Wada and Murata [9] . Chlorophyll concentrations were determined by the method of Arnon et al. [lo] .
Measurement of photosynthetic activity
Photosynthetic oxygen-evolving activity was measured in intact cells with a Clark-type electrode according to the method of Gombos et al. 11 11.
Photo-inhibition measurements
T h e attenuance of the cells at 750 nm was 0.5. T h e suspension of the cells was illuminated at various temperatures in a temperature-controlled reaction vessel with white light of various intensities supplied by two incandescent lamps, with aeration.
Results and discussion
In the present study we investigated C. raciborskii, a cyanobacterial strain which was found to be extremely stress-resistant in natural environmental conditions. In C. raciborskii cells the major fatty acid species were, in descending order, palmitic, linoleic, a-linolenic, oleic, y-linolenic, stearic and octadecatetraenoic acids ( Table 1) . As expected, simultaneously with a significant decrease in the saturated-to-unsaturated ratio (sat ",,/unsat '(,) of fatty acids, on lowering the temperature the double-bond index increased.
T h e level of polyunsaturated fatty acids was 34 'yo compared with 53 yo in cells grown at 35 "C and 25 "C, respectively.
T h e inhibition of the activity of photosystem I1 of C. raciborskii cells was measured following a long-term incubation of the cells grown at 25 "C or 35 "C at a light intensity of 1.0 mmol/m2/s (results not shown). Photo-inhibition occurred in both cultures grown at 25 "C and 35 "C and at both temperatures of photo-inhibitory treatment, i.e. at 20 "C and 30 "C. However, cells grown at 25 "C were more tolerant to high light exposure than the cells grown at 35 "C. T h e difference was more pronounced when measured at 20°C than at 30 "C. Both types of cell were more sensitive to light at 20 "C than at 30 "C.
For recovery measurements the cells were incubated in low light at 30 "C or 20 " C . At 30 "C, cells grown at 35 "C regained 100 04 of the original activity in 50 min. At 30 "C, the restoration of photosystem I1 in the cells grown at 25 "C was complete after incubation for 40min. In the presence of chloramphenicol, an inhibitor of protein translation, the restoration of photosynthetic activity was completely blocked (results not shown). On the other hand the recovery also clearly depends on the temperature of growth, which determines the level of unsaturation of glycerolipids in photosynthetic membranes : the synthesis of polyunsaturated fatty acids in these cells at low temperatures clearly brings about a high recovery of photosystem I1 activity after photo-inhibition.
C. raciborskii cells grown at the lower temperature possessed considerably higher amounts of polyunsaturated glycerolipid components than the cells grown at the higher temperature. These findings indicate a good correlation between the amounts of polyunsaturated lipid molecules and the ability of cells to protect photosystem I1 against low-temperature photo-inhibition. 
Introduction
T h e brown macrophytic alga Laminaria japonica is very important in terms of cultivation and trade. It is very sensitive to environmental temperature [l] . As the change of temperature first of all influences fatty acid constituents [2-51 and, therefore, the phase state of the biomembrane lipid matrix of poikilotherms [6-81, thermodynamic parameters of a crystal-liquid crystal-isotropic melt phase transitions of the major phosholipids and glycolipids of L. japonica and their fatty acid compositions were investigated in the present work.
Materials and methods
L . japonica, Aresch (Phaeophyta) were harvested in Possiet Bay (Sea of Japan) in August from seawater of 20 "C. Freshly collected algae were thoroughly cleaned to remove epiphytes, small invertebrates and sand particles and then heated for 2 min in boiling water to inactivate enzymes. Total lipid extracts from about 10 kg of algae were obtained according to the method of Folch et al. [9] . Crude glyco-and phospholipids were isolated from total lipid extract by column chromatography on silica gel by elution with acetone, acetone/benzene/acetic acidlwater (200: 30: 3 : 10, by vol.) and a gradient of chloroform and methanol. Then, lipids were purified by preparative silica T L C using chloroform/ methanollwater (65 : 25 : 4, by vol.). Their purity was checked by two-dimensional silica T L C .
